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TECHNICAL NOTE 2715 


THE THEORETICAL CHARACTERISTICS OF TRIANGULAR-TIP 
CONTROL SURFACES AT SUPERSONIC SPEEDS 

MACH LINES BEHIND TRAILING EDGES l 

By Julian H. Kainer and Mpry Dowd King 


SUMMARY 


By means of linearized theory, generalized expressions in closed 
form have been obtained for the characteristics due to control- surface 
deflection (CLg, Cmg, and Cftg) and due to wing angle of 

attack for wing plan forms having triangular-tip control surfaces 

at supersonic speeds. The analysis considers wing trailing-edge sweep, 
control-surface geometry, and Mach number for the deflection charac- 
teristics. For Ck a the effects of wing leading-edge sweep and aspect 
ratio are also included. The analysis is limited to configurations 
where the trailing edges are supersonic and where the innermost Mach 
line from the leading edge of the control- surface root chord does not 
intersect the wing root chord. 

Charts are presented for the deflection characteristics for con- 
figurations having the sweep of the wing and control- surface trailing 
edges equal and for the location of the hinge line for balanced con- 
trols. Tables of calculations are given for configurations in which 
the wing and flap trailing edges are unequally swept. 

The results of the analysis show that the effects of wing trailing- 
edge sweep on Cj^, ‘dag are more significant than the effects 

of control-surface trailing-edge sweep is not affected by the wing 

trailing-edge sweep ). Aileron reversal may occur for certain conditions 
when the control- surface lead in g edges are subsonic. Maximum rolling 
moments are obtained for control surfaces having supersonic leading edges. 


INTRODUCTION 

\ 

By means of linearized theory, generalized expressions have been 
developed for the stability derivatives of a wide variety of w ing 
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configurations at supersonic speeds (references 1 to 10) . With the 
rapid development of supersonic aircraft and missile configurations, 
much interest has "been focused on the problem of control. Several 
papers have been published (references 11 to 14) ■which present expres- 
sions for the theoretical control- surface characteristics of specific 
wing - control- surface configurations. By means of linearized theory, 
the present analysis extends these investigations by considering the 
effects of Mach number and geometry on the theoretical supersonic char- 
acteristics of a wide variety of configurations having triangular-tip 
control surfaces. 

The present paper considers both subsonic and supersonic wing and 
control-surface leading edges but is restricted to cases in which the 
trailing edges of the wing and control surface are supersonic. Atten- 
tion is given to configurations where the control-surface and wing 
trailing edges are swept both equal amounts (hereinafter referred to 
as the basic configuration) and unequal amounts. In addition to the 
inherent limitations of the linearized theory, the assumption is made 
that the innermost Mach line from the control- surface leading-edge apex 
does not intersect the root chord of the wing. The results are appli- 
cable to configurations having sweptforward or Bweptback leading and 
trailing edges. 

The results are presented in the form of equations for the evalua- 
tion of G L g, C^g, C^, and C-^, charts for the rapid estimation of 

these quantities for the basic configurations, and tabulated calcula- 
tions for configurations having unequally swept trailing edges. In 
addition, generalized equations are given for the evaluation of Cj^. 

A specific illustration is presented for a wing configuration having 
equally swept subsonic wing and control- surface leading edges. 


SYMBOLS 


Free-stream conditions: 

V velocity 

M Mach number 

P 

P = ^M 2 - 1 


Mach angle 


(r ^ 1 k) 


p 


masB density of air 
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dynamic pressure 


(H 


Wing geometry: 

b/2 

Hi 

c r 

A 

a 3 

m = cot A 
m3 = cot A3 
a 


semispan including flap span (h^ + bf ) 

distance from wing root chord to control- surf ace 
root chord (considered as wing semispan) 

root chord 

leading-edge sweep, degrees 
trailing-edge sweep, degrees 


angle of attack in stream direction, radians 


Control -surface geometry: 


bf 

c fr 

Al 

A 2 

a te 

m^ = cot A^_ 
m 2 = cot A2 


span 

root chord 

leading-edge sweep, degrees 
trailing-edge sweep, degrees 

trailing-edge sweep of basic configuration, degrees 

(AeE = A 2 = A ?) 


mrpjj = cot Ate 
Sf 

A f 

5 

x h 


area 

aspect ratio (b f 2 /Sf) 

deflection angle in stream direction, radians 
hinge-line location 
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V = 


*h_ 

c f T 


(x^O-g x^’ for "balanced control surface 

M arbitrary moment of area of control surface 

Parameters used in analysis: 

x, y Cartesian coordinates of system of axes with origin 

at lead in g edge of wing root chord 


ya 


— « 

x 


Cartesian coord in ates of system of axes with origin 
at leading edge of control- surf ace root chord 

coordinates of center of lift of infinitesimal lift 
triangle 

normal distance from center of lift of infinitesimal 
lift triangle to hinge line (x - x^) 


t.S 

x 

py a 

**- 35 - 


S’ area of integration 

0( x >y) velocity potential 

Forces and moments: 


L 

L' 


M* 



lift 

rolling moment 
pitching moment 
hinge moment 

lift coefficient (L/qSf) 
rolling-moment coefficient (L’/qbfSf) 

pitching-moment coefficient (M’/qc^Sf ) 
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Ch 


hinge -moment coefficient 


(9H/2qb f c fr 2) 



lift-coefficient derivative excluding lift induced 
on wing "by control surface 


Ap 


pressure differential existing across surfaces of 
flat plate 


Formula parameters: 


A-l* a 2 , 

*1* kg 

R 

V 


, B c 


e(\Ji - m^P 2 ) 


Subscripts: 


^ functions of wing and control- surface geometry, 
defined where used 




complete elliptic integral of second kind with modulus 
k = - mS^, ^ ^ y/l - k 2 sin 2 z dzj 


5 and a 


f 


refer to partial derivatives of each coefficient 
with respect to B and a, respectively; for 
c) , > 

example, (C h ) 

refers to control surface 


0 


refers to an origin located at root-chord leading 
edge of control surface 
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ANALYSIS 

Scope 


The present analysis, "based on the solution of the linearized 
equation for steady supersonic flow, employs the methods of references 15 
to 20 to derive expressions for the control-surface characteristics due 

to deflection Ct , C 7 , (L , and Cv. and due to wing angle of 
5 5 8 n S 

attack Cj^. This investigation includes "both subsonic and supersonic 

leading edges (fig. 1) "but is restricted to wing - control- surf ace con- 
figurations having supersonic trailing edges. In addition to the funda- 
mental limitations of the linearized theory, the assumption is made that 
the innermost Mach line emanating from the root-chord leading-edge apex 
of the control surface does not intersect the root chord of the wing 
(fig. 1). Furthermore, the gap between the deflected control surface 
and the wing is assumed to "be completely free of leakage (thus effects 
beyond the scope of linear theory are not considered; see reference 19) . 


Basic Considerations 


The deflection characteristics (C 


( c 


and C> 


and 


C V Cm s' and C] 1 s) 

the characteristic due to wing angle of attack (^1^) can derived 

when the respective lifting-pressure distributions are known. The 
linearized lifting-pressure-coefficient distribution is given by 


AP 

Q. 


= v- sBMI 


( 1 ) 


where 0(x,y) is the perturbation velocity potential on the upper sur- 
face of the control surface. This potential due to control-surface 
deflection may be determined by the use of references 15 to 17 or may 
be obtained directly from references 19 and 20. As a consequence of 
the use of linearized theory, the wing is treated as being at zero angle 
of attack and, hence, the pressure distributions for the deflected con- 
trol surface (table I) are independent of wing geometry. 

The pressure distributions due to angle of attack in the vicinity 
of the wing tip are derived for configurations in which the control- 
surface and wing lead i ng edges are unequally swept (fig. 1). These 
pressure distributions (table II ) have been derived by means of refer- 
ences 15 to 18 for both subsonic and supersonic leading edges. The deriv- 
ations of the pressure distributions for the configurations having super- 
sonic wing and control-surface leading edges are straightforward; whereas 
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for the configurations having subsonic wing and control- surface leading 
edges, an approx im ation (in which the effects of the secondary Mach 
reflections are essentially neglected, reference 18) to the exact line- 
arized tip velocity potential is applied. This approximation reduces 
the integration of the disturbances in the forecone (GBEE) of a point x,y 
(fig. 2) to an integration over the parallelogram (APCD). Eward 
(reference 18 ) has shown that, for certain limiting cases, the paral- 
lelogram representation reduces to known exact linear solutions; how- 
ever, it is approximate for the cases where the Mach lines lie ahead 
of the leading edges. As the angle between the Mach lines and the 

leading edges decreases the error in the approximation approaches 

zero. More detailed information regarding the approximation may be 
found in reference 21. 

Eward (reference 18) compared the pressure distributions on a 
thin pointed wing derived by the approximate and exact linear solutions 
for the velocity potential and observed that they differed only in the 

4 

constant of proportionality. The error between the constant K = — r- 

it(l + mp) 

of the approximate linearized solution and -- — of the exact 

E(/f :'m2p2) 

linearized solution increases from 0 to about 27 percent as the com- 
ponent of Mach number normal to the leading edge (m3) decreases from 1 
to 0. When the approximate solution for the velocity potential is 

modified by replacing K by — 1 - — r- . the result reduces to the 

E(Vl - mV) 

exact linearized solution for the limiting case m = mp (note also 


that K 


are identical at 


II - m 2 ^ 


Although there 


is no guarantee that such good agreement may be expected for all con- 
ditions (mp f m), the modified solution will be used herein to obtain 
Cjj^. For a more thorough discussion regarding the constant of propor- 
tionality, see reference 18. 


Derivation of C^, C J& , 0^, C h& , and 

The general forms of the expressions for the characteristics due 
to control- surface deflection and wing angle of attack are 


C,4( f* dE- 

^ s f Jo I J q.5 
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C >8 

% = ' 
C Ha= ' 


= _1_ f fy** 

"b-fSf J g r J Q.5 


dS 1 


_i_f /’;£• 

Cf r Sf Jgi J qB 


dS' 


2b f c f _ u s f 


r /v^ 


dS* 


^fCf J S f 


1 / 


^E> 

-v I 


dS< 


qa 


(3) 

(4) 

(5) 

( 6 ) 


where the integration includes the region of induced lift in addition 
to the control- surface area for equations (2) to (4) and includes only 
the control-surface area in -equations ( 5 ) and (6). The factor hy which 
the hinge-moment coefficients were made non dimensional includes the 
root-mean-square chord of the control surface. 

Since the pressure-coefficient distribution due to control- surface 
deflection Ap/q is conical (see table i) , the integrations indicated 
by equations (2) to (5) may be conveniently accomplished by means of 
polar integration. The details and limits for polar integration are 
presented in figure 3j and the resulting generalized equations and 
specific cases are presented in appendix A for the subsonic and sonic 
leading edges and in appendix B for the supersonic leading edges. 

The form of the pressure coefficient due to wing angle of attack 
Ap/q is conical for the supersonic leading edges (table II), and 
hence, polar integration is also applicable in this case. (See appen- 
dix C.) However, due to the nonconical form of Ap/q in the tip region 
for the subsonic leading edges (table II ), integration is performed in 
Cartesian coordinates in appendix D. 


Control-Surface Parameters 

The rolling-moment- and pitching-moment-coefficient derivatives 
have been obtained about the axes of a Cartesian coordinate system 
located at the leading edge of the control- surface root chord (fig. 3) 
and may be transferred to any convenient reference axes by means of 
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<V = C ^6- + S? C L 6 


(7) 


2X 

C* = C m + C T 

m 8 m 5 Cf_ -^5 


( 8 ) 


where the asterisked quantities in equations ( 7 ) and ( 8 ) refer to the 
transferred quantities and X and Y represent the horizontal and 
vertical distances "between the present axes and the desired ones. 


The hinge-moment coefficients were made nondimensional "by dividing 
the hinge moment by the moment of area of the entire control surface 
which incorporated the control- surface root-mean- square chord. If 
these coefficients are to be referenced about another moment of area, 

2bfC f 2 

then the coefficients given herein are multiplied by the ratio — — 

SM 


where M is the new moment of area. 


Since the hinge-moment coefficients are linearly dependent upon the 
nondimensional hinge-line location x^’ , the results are presented in 

terms of the hinge-moment parameter about the origin (independent of 


x h ' ) ^Ch a 5 ) 0 and the moment of lift 1 " on the control surface 

where Cy, means C>, or Cy, and ( C T ^ means /Ct 

V,S h a -5 V L a,5yf V L <Vf 

' -^ le assembled hinge-moment coefficient is 


( C La,5)f' 




+ X& 



(9) 


For a balanced control surface, Cj^ g must be zero and hence the loca- 
tion of the hinge line for this condition is , 



( 10 ) 


^The lift referred to includes only the "lift on the control sur- 
face and excludes the lift induced on the wing by the control surface. 
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It should, not "be assumed from equation (10) that the balanced 
hinge-line location is identical for control- surf ace deflection and 
wing angle of attack. On the contrary, this condition is difficult to 
incorporate in the design by virtue of the many geometrical variables 
affecting the quantities on the right-hand side of equation (10) . How- 
ever, the location of the balanced hinge line for a configuration in 
which the wing is at an angle of attack a and the control surface at 
an angle a + 5 may be obtained by applying equation (9) for 5 and 
for a and writing the results in 

- \fro 

and 

■ E c v)o 

where x^* is the desired balance 
are added, the resulting expression gives the hinge-moment coefficient 
of a plan form in which the wing section is at an angle of attack a 
and the control is deflected at an angle of a + 5. If this result is 
set equal to zero (that is, the new configuration is balanced) , 

V ^ + jot (13) 

( CL s)f + ( CL cc)f 6 

When a/5 is zero, equation (13) yields the hinge-line balance position 
for deflection obtainable from equation (10), and, when a/5 is infinite, 
the correspon ding position for angle of attack is obtained.. 


the form 


(CL 5 )fV^ 


(U) 


+ ( c L a )f xii 3 a (12) 

location. If equations (ll) and (12) 


KESUItES AND DISCUSSION 


Appendixes A and B present the details and resulting expressions 
for the control- surf ace deflection characteristics for configurations 
having subsonic and supersonic leading edges, respectively. The formula 
numbers from appendixes A and B for the expressions developed from 
equations (2) to (6) corresponding to every possible combination of the 
control-surface parameters (mqj3 and m 2 ?) and the wing parameter (m^p) 

within the scope of the present paper are presented in table III for 
convenient reference. 
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The details and formulas for Cj^ are presented in appendixes C 

and D for supersonic and subsonic leading edges, respectively. These 
results include the effects of wing leading-edge sweep and aspect ratio 
as well as Mach number and control- surface geometry. In addition, an 
illustrative calculation is presented in appendix D for the case where 
the control- surface and wing leading-edge sweeps are equal. 

Design charts are presented for the deflection characteristics for 
the basic configuration (a configuration having equally swept wing and 
control- surface trailing edges) in' figures 4 to 8. Figure 9 is a plot of 
the location of the hingfe lines for balanced deflected control surfaces. 
Calculations for configurations in which the wing and control- surface 
trailing edges are unequally swept are given in table IV. 

Analysis of the calculations presented in table IV for deflected 
controls when' either the wing or control- surface trailing-edge sweep 
is held fixed while the other is varied indicates that more significant 
changes in QLq, ^ 5 -> from the basic values occur for varia- 

tions in wing trailing-edge sweep than for similar variations in the 
control-surface trailing-edge sweep . 

A study of figures k and 5 suggests the use of slightly swept 
super sonic control- surf ace leading edges in order to obtain greater 
lift and rolling-moment coefficients. When structural requirements 
demand the location of the hinge-line balances position (for deflection) 
in the vicinity of the midchord, the control- surface trailing edges 
should be either unswept or slightly swept forward and the leading 
edges should be swept back (fig. 9(b)). Generally the center of pressure 
of the hinge forces for angle of attack is to the rear of the position 
for the deflection-alone case. The value of ( 3 % ’)b (fig. 9) for 
deflection may be moved rearward by decreasing the sweep of the control- 
surface trailing edge or increasing that of the control- surface leading 
edge, the latter being less critical than the former. Due to the many 
variables (wing and control- surface geometry) affecting (x^'J-g for 
angle of attack, it is suggested that, for a specific configuration, 
the effect of any change in the control- surface geometry on (xh^-g be 
investigated and the result compared with the value for deflection. 
However, it is pointed out that for a configuration having supersonic 
wing and control- surface leading edges where the Mach wave from the wing 
root-chord apex does not intersect the wing tip, the value of (xk’);g 
for angle of attack is merely a function of the sweep of the wing and 
control- surface leading edges and the control- surface trailing edge. 

For this case, a short trial-and-error method of obtaining a better 
value of the wing leading-edge sweep than the given value may be used 
to obtain a value of (^hOg for angle of attack which may be more 
satisfactory. 
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. Another reason for choosing supersonic control- surface leading 
edges is to prevent the possibility of aileron reversal (see fig. 5) 
inherent under certain conditions for subsonic leading edges. 

In the preceding discussion the role of the wing trailing-edge 
sweep in the design of controls was not specifically mentioned. Since 
the results in figures 1)- to 8 are for basic configurations, the wing 
trailing-edge sweep m^P had the same value as the control- surface 

trailing-edge sweep mgP. In an actual design problem where the wing 
trailing-edge sweep is known, a basic configuration is not necessarily 
desired since this restriction could fix the control- surface leading- 
edge sweep at some undesirable value. However, if the wing trailing 
edge is swept forward slightly, such a basic configuration probably 
would be desired. If the basic configuration is not the desired one, 
design would proceed as follows (consider p = l) : 

(l) For low values of sweepforward of the 'control- surface trailing 
edge m£, Cjg does not vary much with supersonic leading-edge sweep. 

However, a few investigatory calculations with different values of mg 
and mp (constant m^) may be desirable, where 


mi 



1 



ff£r 

bf 


(2) Having obtained the control- surface geometry (wing geometry 
known) , the locations for balanced hinge lines (x^ 1 )g for deflection 

and for angle of attack are obtained from equation (10) . If these 
values are acceptable, no problem is anticipated in locating the hinge 
line. However, if the travel of the hinge-line balance is greater 
than desired, the method of reducing the travel should be dictated by 
the positions of (xh')g for deflection and (^hOp for angle of attack. 

If the value of (xh');g for deflection is more forward than desired, 
it may be moved rearward as previously described, and if the value 
of (^h 1 ^ for angle of attack is unreasonably rearward, a systematic 

trial-and-error method involving w ing geometry Is suggested. 


CONCLUSIONS 


By means of linear theory, generalized expressions in closed form 
have been obtained for the characteristics due to control-surface 
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deflection ^Cl^, C^g, Cmg, and Chg) and due to wing angle of attack 
^ for wing plan forms having triangular-tip control surfaces at 
supersonic speeds. 

Charts are presented for the deflection characteristics for basic 
configurations having the sweep of the wing and control- surface trailing 
edges equal and for the balanced control- surface hinge-line locations. 
Tables of calculations are given for configurations in which the wing 
and control -surface trailing, edges are unequally swept. From these • 
results the following conclusions are made: 

1. The results of the analysis indicate that characteristics are 

not greatly affected by varying either the wing or the control- surface 
trailing-edge sweep: however, a change in sweep of the wing trailing 
edge will affect C L g, C^g, ^mg more significantly than a corre- 

sponding change in the control- surf ace trailing edge (Chg is not affec- 
ted by the wing trailing-edge sweep^. 

2. The leading edges of the control surfaces should be supersonic 
in order to obtain the largest possible rolling moinents and to prevent 
the possibility of aileron reversal inherent under certain conditions 
for configurations having subsonic leading edges. 

3. Unswept or slightly sweptforward control- surface trailing edges 
combined with sweptback leading edges are suggested if the hinge-line 
balance position for control deflection is to be in the midchord vicinity 
of the control- surface root chord. 


Langley Aeronautical Laboratory 

National Advisory- Committee for Aeronautics 
Langley Field, Va., January 25, 1952 
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APPENDIX A 


GENER ALIZED AND SPECIFIC FORMULAS FOR CLq, C i b , Cm 5 ^ 
AND Ch 5 FOR SUBSOEIC AED SONIC LEADING EDGES 


The generalized foimilas for the derivation of the characteristics 
Cl 5 ., Cmg., and Chg for subsonic and sonic leading edges are: 


Ct~ = 


8^m-j_P (m2 - m^P 


^t a =miP 


1 + tc 


C 1 + m l p ) ^=0 ™ " ta (* 2 t - ta) : 


r % I 1 + ta" 

J „ l/nhP - t P 


w (m 3 s - t a ) 


i6(m2 - o ri p f 1 

Ci 6 = ^ *2^ J J— 

3ian 2 2 j/m 1 p(l + n^p) 0 * 1 


+ ta t a dt a 


1 P “ ta (m 2 p - t a )' 


ta ta lt £ 


Cm 5 " 


r° L 1 _ 

J 1 \ nP - 


-iV’&P - ta (m 3 P - t a ) 


i6^p(m2 - m£)p 2 3 n m i p nm 

3Ttm. 2 (l + m 1 p) ^0 V m l p 


b a (mgp _ t a ) : 


1 + iSc 


-1 v m l p - *a (m 3 p - t a ) 
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c hp, 


6^m£pm2(m2 - m^ (3 




2m2? 


TT1T H a 


rt (l + miP) |_ VmiP - t a _ ta )3 


Jfli 


3%’ 


1 + t a Cttg, 


0 V m l p “ (m 2 P _ t a ) £ 


(A4) 


For the "basic configuration (Wj = = mr]Tg).> the formulas for the 

characteristics resulting from equations (Al) to (A4) are: 


C L* = 




'lb = 


|/( m TE " ^(“TeP + X ) 

2m rppi ^3m~| + 4m^_ - fflrp-p^) 

3( 1d teP + " m l)(®TEP + -0 m l 

2 /m^ni TO 2 P - m-^p + 3) 


(A5) 


(A 6) 


CfflQ - - 


3 [^EE ~ “^(“TeP + ^ 


3/2 


(A7) 


C *S = (S )0 + 


(A8) 


(Ch 5 ) 0 


3m imTE 2 

m i m TEP + ^l " ^TE^P _ 5mrjrg 

*(l + m 1 p)(mr EE p + l)( mi - mjTg.) 

_ “te 2 


(l + m 1 p)(m 1 P ■- itopgP - 3)Ai 


2 ^( D3 TE “ ^(“TeP + O 121 ! 


(A 9) 
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where 


- 31 

A 1 - g 


+ tan 


-1 


m l n ^PE^ + “ m TO 


2 \/( m TE “ + •O m l 


(A10) 


l8mj_n>jTg 

1 

*(l + m 1 p^ 

“te 


(l + mji^A! 


2 |/( m T E “ m l)( II 1 TE^ + 1 ) m l 


(All) 


For configurations having 1 < fm2p| < <» and 1 < | | < 

1 < |m2P| < 00 and m^P = 1 , m2P = 1 and 1 < Im^pf < 00, or 1112P = 1 
and m^P = 1 ., the formulas for the characteristics resulting from 
equations (Al) to (A 4 ) are: 


% = 


where 


8 m^mi - m 2 ) 

2 

m 2 

1 (l + m x p)A 2 

itm 2 (l + mqp) 

m l “ m 2 

^ ' I 

2 |/(m 2 - m^^P + l)m^ 


2 


m 3 

1 


m 3 





(l + m 1 p)A 3 1 


2 j/( m 3 “ mi)(m 3 P + l) mi 


. « , -1 
A2 = ^ + tan 


mjii^P + 2m^_ - m 2 


2 yt™2 “ ^(^P + 1)% 


(A12) 


(A13) 


and 


A^ = tan' 


-1 


P + 


2 /( m 3 " m l)( m 3^ + 1 ) m l 


2 


(A14) 



3 K mca tn 2715 


17 


a 5 = 


k(m ± - m 2 ) 2 

<■ 

m 2 3 

3m.2_m 2 p + 2m-j_ + 

3joh 2 2 (i + miP) 

(m± - m^^p + l) 

JOq 


2 \j(^2 ~ m l)( 5 1 2 P + l)m-j_ 


m- 


- m 3) 2 ( m 3$ + l) 


Sm^m-^p + 2a.j_ + 


m- 


(l + m]_p) - ^ 3^.3 

2y^m 3 - m-^n^P + l)m 1 J 


-inQ 


(A15) 


W(mi - m 2 ) J 

S' 

m 2 3 

2m 1 + m 1 in 2 P - - 5m 2 

370112(1 + mip) 

( m l - m 2) 2 (m2p + l) 

m 2 
m 2 


(l + mip)(miP - 4m2P - 3)A2 


2 [/( m 2 " m l) (“2^ + 


m 3 3 

2 

2mi + mjm^p - P - 5m 3 

( m i - ^/(“s 13 + 0 

- 2 
m 3 


(l + m iP)( m 1 P - - 3 )a 3 


2^( m 3 " “!-)_) (m^P + l)m 1 


(Al 6 ) \ 
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3mi m 2 ^ 

2 m.i + m^n^P - kmrpfi 

it(l + m^P^n^P + l)(m-}_ - ^ 2 ) 

m 2 

m 2 


(l + miP)( m lP - ta^P - 3 )a 2 


2\J(m 2 - m ]_) (m 2 P + ^“l 



lSm-j^ 

2_ (l + niqP^A^j 

«(l + mqP) 

m 2 + , 

2w7m 2 - m 1 )^m 2 P + l)m 1 


For configurations having 1 < (in^P j < “ and m^p = <», 
for the characteristics resulting from equations (Al) to (a4) 


(1 + miP)A 2 


8m^m 1 - m^,) j 

£ 

ro 

1 

jtm2^1 + mqp) 

m-|_ - m 2 

m 2 



— 


- m l)( m 2P + 



where 


A]^ = -2 tan 


-1 



- ^ 
+ 


(A17) 


(A18) 


the formulas 
are: 

1 


(A19) 


(A20) 
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CZk = 


X - *2? 


mg3 

3m-j_mgP + 2m-j_ + mg 

- mgX^P + l) 

Dl2 


(l + ^ 

^j(j a 2 ~ “OC^f 3 + -0 m i 

(1 + m 1 p)(3m 1 p - lX I 


3m]_P + 1 + 


2/5^T 


(A21) 


c _ H( m i - “ 2 ) J" 

3mng(l + m iP) 


m2^ 

2 

2mi + m-^mgP - l*mg p - 

2 . 
X - mg) (mgP + l) 

mg 2 

"N 


(\)o * “ 


+ m 1 p)(m 1 P - 4mgP - 3 )a 2 

_L O 

„ . (1 + m l p >4 

■ 

2 /( m 2 ' + ^“l - 

1 C. 

l/5IF 


3m 1 mg 2 


2 

2m^ + m^mgP - km^ P - 5aig 

Jt(l + m-^P^nigP + l^m-^ - 

mg). 

2 

mg 


(A22) 


•+ 


(l + n^p) (m x p - lung 3 - 3)^2 


2 \j (“2 " m l)(V + X J 


(A23) 


lSm^mg 


(l + mip)A2 


m2 r 

y " “iX 13 ^ + X 111 ! 


(A24) 



20 


NACA TN 2715 


For conf igurations having n^P = “ and 1 < [m^P | < » 
and n^P = 1, the formulas for the characteristics resulting 
equations (Al) to (Ah-) are: 


8 m- 




jt(l + m-j_p) 


- -<1 + (l + m 1 p)(A] 4 . + 7t) + 


% = 


C\J 

1° 

1 

m]_ — m 2 

m 3 


L — 

k 

k 


(1 + mi p)A 3 ~ 1 ) 


^ 2 /( m 3 - m i)( m 3P + 


3 it^l + n^p) 


m 3 3 


Bn^P 


(l + m 1 p)(3m 1 p - l)(A 4 + 
2 l/imqP 

3111^2 P + 2m^ + m 2 


m3 


2 . 

( m l - m 3) ( m 3 p + 1 ) 

(l + mjp)(3m;]_ m 3P + - m 3)h]i 

^vC m 2 “ m l)( m 3P + !) m i _ 


^ “ " 


ilm i 1 

0 . (1 + m iP)( A h + *) 

3*(l + n^p) 

_ V m i3 


ra 3 
m 3 

mqm^P + 2m^_ - ito^P - 5^3 

( m ! ' m s) 2 ( m 3 p + x ) 

' _ 2 

_ m 3 


(l + m 1 p)(m 1 P - hnr^P - 3^3 

^/C m 3 ” m i)( m 3P + -0 m i 


or 1112 P = » 
from 


(A25) 


«) 


(A26) 


(A27) 



I 


NACA TN 2715 


21 


K ) 0 


6nj_ 

+ 

-=f- 

/ ax' 

El" 1 

+ 

1 ° 

Jt^l + m^p) 

L i/ m ip J 


(A28) 



(A29) 


For configurations having m 2 P = co and m^p = 00 , the formulas for 
the characteristics resulting from equations (Al) to (a 4) are: 



(A30) 


2(3m 1 p - l) 
3P^3 


(A31) 



8 

3 



(A32) 




(l + m^p) (a^ + it) 


(A33) 


(A3^) 


( CL s)f - - |( c h5)o 
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For configurations having 3112 P = 1 and m-^P = <», the formulas 
the characteristics resulting from equations (Al) to (A4) are: 


_ 8mi(l - m lP) 

s~~ 

1 

1 1 C 1 + m iP) A 5 

x C 1 + m lP) A 4 s 

5 jt(l + m 1 P^) "j 

1 - mqP 

2^m ] _p(l - m x p) 

2^m2_P | 


where 


A<p = + tan -1 


SHqP - 


2/2m 1 p(l - mi p) 


°Z5 = 


^P + 


^n^P - l) 2 

3«p(l + m x p) - l) 2 

_ „ , C 1 + m lP)(3miP - iK 

3m-|_p - 1 


(l + m-^p^^/niqP - l)Acp 
2\j2m 1 p l (l - m x p) j 




Jm o 


WC 1 - m qp) 

3it(l + mqp) ^ 2(1 - m-^) 


< 


3(3 . miP ) + 0 ^ ~ miP > ? 
_ 2^m 1 p(l - mi p)_ 


2 + C 1 + m lP) A 4 

L_ v^Ip J 


( Ch 5)o 


3m n 


2it(l - mi 2 P 2 )[_ 


3(3 - mqp) + 


^1 + m-j_p) (7 - m qp)Ac 

2^mip(l - mq p) J 


l8m-j_ 


(l + m 1 p)A^ 
2^m 1 p(l - 


for 

(A35) 

(A36) 

(A37) 

(A38) 

(A39) 

(A4o) 
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For configurations having mgP = -1 and 1 < | < °o or _ _± 

and = 1, the formulas for the characteristics resulting from equa- 

tions (Al) to (a 4) are: 


C L* = 


8mi 

2 

2 m 3 

-J- - 

1 (l + ^^Ag 

Jt 1 

1 + m^p *“ ^2 

m 3 r. 77 7 — 



rv m 3 ~ m i) v m 3 P + l) m i 


IT 


(AM) 


„ K 1 + “i 13 ) 1 

1 6m^ m 3 3 

Sm-^n^P + 2m + m3 

Z S 3* 1 

3(l + mip) 2 - m3^ 2 ^m 3 P + 

_ m 3 


(l + m^p)^^m^p + ito^ - 

2 \Z( m 3 “ m l) ( m 3 P + l) m l — 


(A42) 


-ms 


4m-^ 

8(^13 + 3) B3 3 

m-ji^P + ■ 2m-^ - - 51113 

3 n ‘ 

3(1 + m x p) (m! - m3^ 2 (m 3 P + l) 

_ m 3 2 


(l + m 1 p)(m 1 p - 4m 3 p - 3^3 ^ 
2 /( m 3 “ m l)( m 3^ + 1 ) m l 


(A43) 


( Ch s)o “ “ 


ftn^n^p + 3) 

jt(l + m x p ) 2 


(a44) 


36m-[_ 

( Cl 5)f “ jt( 1 + m x p) 


(A45) 
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For configurations having = -1 and m^P = the fprm ula s 

for the characteristics resulting from equations (Al) to (Ak) are: 


C L* = 


8 m]_ 

2 

it 

1 + m^P 


^6 


k(l + m x p) 


16 ml 


3* 


* 3(l + mrf) 2 ~ PJ^ 


3jtl^j_P + 1 + 


\fnj_ P 

(l + m^^iP _ 1^4 


(A46) 


2/^J JJ 


Cm, 


■5 3 It 


8(miH +3 ) „ 

0 , C 1 + ^xil 

|3(1 + -iP) 2 

_• V m i p Jj 


(Ak7) 

(Ak8) 


(%)o - - 

it(l + 1 & 3 M 


(A49) 


. 36ai 

( 1&)f " <1 + V ) 


(A50) 
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APPENDIX B 

GENERALIZED AND SPECIFIC FORMULAS FOR Ct C, r 

l 5' V 

AND Chjg FOR SUPERSONIC LEADING EDGES 

The generalized formulas for the derivation of the characteris- 
1:108 l L 6 .> c z 5 > C ms , and C h& for supersonic leading edges are: 




2 6 
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For the basic configuration =1112= the formulas for the 

characteristics resulting from equations (Bl) to (B^) are: 




^EE 

\j^h 2 - 1 


(B5) 


^5 


^EE ( m 1 m *W 2 $ 2 + “he ~ 2mij 


3mi (mj!e 2 I3 2 - lj 


3/2 


(B 6 ) 


^EE^ ^l 11 ^ ^ ~ 2n >TE 2 3 2 + 0 

0m 6 3/2 

3 (m! - m rjypj) (mrjTg 2 ^ 2 - l) 


(B7) 


% = (%)o + 


(B8) 
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For configurations having 1 < jmgPl < 00 6111(1 1 < | m 3P| < 00 3 1116 

formulas for the characteristics resulting from equations (Bl) to (b 4) 
are: 
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For configurations having 1 < [m^l < and m 3 P = the formulas 
for the characteristics resulting from equations (Bl) to (b 4) are: 
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4 ( m l - “ 2 ) 

. 1 ✓ 

r 

3 

m. 2 J 

mi (mi - 2ni2^ 

- COS"-*-| 
) 1 


Sitm^^P 2 - 1 

'm-j_ - m 2 

®2l 

( m l - * 2 ; 

v m i py 


\/m 1 2 p 2 - 1 
+ + 


2 

m-jn^P + 

2 2 

1 - 2m2 

l 

/m x 2 p 2 - 1 _ ± 

f M 

( m l " “ 2 ) 

(^p 2 - 1 ) 

V 

m2 2 p 2 - 1 

v m 2Py 



OJ 

$ 

1 

II 

mi(mi - ^cos- 1 ^ 

V n syo , 

«(m X - m 2 )^m 1 2 p 2 - 1 

r^ 2 


(B18) 


( m l ~ 

m 2 )^mi 2 p 2 

- 1 mjmgP 2 + 1 - 2m2 2 P 2 

/“l 2p2 - 1 1 ' 1 

m2 

(^e 2 - 1 ) 

m2 2 p 2 - 1 V 

m 2 2 P 2 - 1 V “2<V 



(B19) 

(B20) 


For configurations having 1 < |m 2 p| < °° and m^p = 1 , the formulas 
for the characteristics resulting from equations (Bl) to (b 4) are: 
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'Ik = 




3jtmim2 2 ^ai 2 |3 2 - 


r 

F i2cos %*>) 

m l “ ^2 

ni2(mi_ - m 2 ^) 


, 2 P 2 - 1 


2 q 2 


m l m 2 P + ®2 - 2^ L 2 p 2 _ J _ L / x 


cos 


- mg) (ii^ 2 ^ 2 - l) y mg 2 ? 2 - 1 \ m 2 *V_ 


^3.0 - ly 


2 .1/ 1 \ C 1 - - 1 

miC0S fep) + — — 


' m 5 


k ( m l ~ * 2 ) 

f m 2 3 

m l(^ m 2 - m l) 

3oti2(/hi 2 P 2 - 1 

Din — m2 

mg 2 ~ ^ 2 ) 


33 


cos 


\ m lp/ 


(B22) 


V 

mi 2 P 2 " 1 

m^nigP 2 + 1 - 2m2 2 P 2 

m l 2 P 2 ~ 1 , ( 1 \ 

m £ 

,(m 2 2 P 2 - l) 

| ^ - nigXV^ 2 - x )\l 

n^P 2 - 1 V m 20 ) 



(B23) 


( m l 

- 

WV 

1 m 1 m 2 P 2 + 1 - 2ni2 2 3 2 /m-^p 2 - 1 

L Jl_\ 

m 2 

jn 2 2 P 2 - l) 

m 2 2 3 2 - 1 / n^P 2 - 1 



(B24) 



32 


NACA TN 2715 


(%)i 


9®2 


TIL 2 


m l -1/ 1 ' 

cos / 

m 2 U-, (3 


/ m l 2 e 2 

- 1 

/ m~2o2 

1 


cos 


-li 


m l p) 


(B25) 


For configurations having m2f3 = °° and 1 < | < the formulas 

for the characteristics resulting from equations (Bl) to (B4) are: 



? o 

+ m3 - 





(B27) 
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P 



n^m^P 2 + 1 - 2m-3 2 p 2 L^- p 2 _ ]_ 

( m i - m 3)(m3 2 P 2 - l)l'm 3 2 P 2 - 1 







( CL s)f/ = " §(%)o 


(B28) 


(B29) 


(B30) 


For configurations having mgP = . and 1 H 3 P = 1 , the fomulas for 
the characteristics resulting from equations (Bl) to (b 4) are: 



(B31) 
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For configurations having m^p = » and m^p = 00 , the formulas for 
the characteristics resulting from equations (Bl) to (B4) are: 



(B36) 


c 


Z 6 


k 

3(3 


(B37) 



(B38) 



(b4o) 


N>f - - I(%)o 
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For configurations having nigP = -1 and 1 < < 00 , the formulas 

for the characteristics resulting from equations (Bl) to (B4) are: 
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For configurations having mgP = -1 and = 1, the formulas 

for the characteristics resulting from equations (Bl) to (B4) are: 
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For configurations having n^P = -1 and m^P = the formulas for 
the characteristics resulting from equations (Bl) to (b 4) are: 
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APPENDIX C 


DERIVATION AND FORMULAS FOR FOR SUPERSONIC LEADING EDGES 



nu - 


py a 

*a 


The generalized formula for for supersonic leading edges is 


c h a = ( c ha)o + X k'( CL a)i 


(Cl) 
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where 




; 6k 


r 
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and 



m^P 2 - 2m2 2 P 2 + 1 /m^p 2 - 1 

(m x - - l)V m 2 2 P 2 - 1 


cos 



(C5) 



< — 1 1 OJ 
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Br 




V L_ 


i/l - mpt\ 

COS x : + COS 


Vmp - t 


- 1 !— 

Vp + 


mpt^ 

t J 


dt 


(mgP " t )~ 


rt(m^P^ - 2mmgP^ + 2m2p - 


(mgP - l) 2 (m - mg)‘ 


1 _ mp 2 v 1 1 + mP^v 

cos --1 + cos" 


(mg - v ) 2 I— P(m “ v) 


P(m + v) 


1 - mP v 


2mg\/(l - p 2 v 2 )(m 2 p 2 - l) CO ' 

(m - mg)(m + mg) (mg ~ v)(m.2 2 P 2 " l) ( m “2) 


[p(m - v)J 


-1 

cos 

1 + mp^v 


P(m + v) 

/m 2 p 2 - 1 

_ 1 _ 

mmgP^ + 2mg^p^ - 1 

0 + m 2 f (^p2 - l) 3/2 

(m + mg) 2 


mmgP^ - 2mg^P^ + 1 


(m - mg)^ 



1 - mgP^v 

V 

ou 0 

p(v - m 2 ) 

> 


(C6) 


v = 


m 3 *1 


(C7) 
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^3 





cos 


_]_/l - mp-t^ 
Imp - t j 


+ cos 


-1, 


1 + mpt 
.mp + t 


dt 

t3 


(m - v)(m + v) 1 _ x 
o~o <cos 


1 - mp^v 


P(m - v) 


+ cos 


-1 


1 + mp 2 v 


P(m + v) 




tanh 


-II 


n(l - mp)(l + mp) 


w- 


1/lTpVv 


2m 


(C8) 




n(mp - l) 

2m2 

A 2p2 " 1 cod -1 

1 - m2p 2 V 

(m 2 P - l)(m - m 2 ) 

(m - ng^m + mg)\ 

fm 2 2 p 2 - 1 

P (v - mg) 


s' 

Q 



« cos”' 1 ' 

1 - mp^v 

+ cos”' 1 ' 

1 + mp 2 v [ 

_P_(m - v) 

P(m + v) ( 

L 





cos 


-1 


1 + mp 2 v 
P(m + v) 


COS - - 1 - 

1 - mP^ 

J3(m - v)_ 

m 

dp 


(CIO) 
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P m lp 

r*na"lj 

f 1 

- mPtA dt a 


0 

W O | 

yOp 

" t a / (m 2 p - 



1/ 1 \ 


/ \ -1 

1 - 

m cos' 

•±l \ 

\mp / 

. -4- 

II - m^Jcos 

£(m - 

^2(^2 

- m i) 

. -f- 

(m _ nig)^ - mi ) 



- cos 


-1 


K m i - *3) 



c03 -l/ L- - ^ - - d > _. 
W - W^P - t a ) 2 


m^cos - ^! 



, _n , 

r 1 \ 

\ m 2 P/ 

flPyi 

- 1 cos 1 

^(W, ' 

\ 

- m-, 
-L/ 

> 1 / 

^P 2 - 1 “l ' 

* m2 


(Cll) 


(C12) 


(C13) 
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When the Mach waves from the wing root -chord apex do not intersect 
the wing tip chord, m^P 5 ^ — , and equations (C2) and (C3) simplify 


1 - 


Phi 


to 


< S )- - -< 


Smmg^^mg - nip) 


/0 


m l }f^$ 2 ~ 1 


s 2 / \ 2 

t 1 \ _ /_l\ 

^ - m 1 i U 2y l 


6am^(m2 ~ m i)®l 


jtmi' 


,V^ 2 P 2 - 


6 m 2^( m 2 " m l )®2 

jt^u-^P 2 - 1 


(C14) 


, c v 9m _ ^(ing - m{)B 8 + - mj)B 9 

/m 2 p 2 - 1 jtm.i|/m 2 p 2 - 1 - 1 


If, in addition to this condition, A = (that is, m = m-^), equa- 
tions (C14-) and (C15) are reduced to 



(Cl6) 



9m 

fc 2 u 2 - 1 


(C17) 
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When the Mach waves from the wing root-chord apex intersect the 
tip chord, mog > ^ , and A = A-i , equations (C2) and (C3) become 

rn 


1 - 





6^m2 - m^ 

_ r 

i3 

/h \3 

b 3 6 (“2 - m )(c“ W 

nn^^n^p 2 - 1 

jtmg^p 2 - 1 


18 - mjB^. 



> 


(CIS) 




9(m2 - m) 


Ttn^m^p 2 - 1 


m2 + 


\fa. 

c^ l m 
x r 




9(^2 " m ) 

m + ^-(1 - mp) 

2 

L f r 


m 2 (m2P 

- ±)\jm 2 $ 2 - 1 



(C19) 
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APPENDIX D 

DERIVATION AND FORMULAS FOR FOR SUBSONIC LEADING EDGES AND 

ILLUSTRATIVE CALCULATIONS FOR CONFIGURATION RAVING A = A]_ 



Formulas for 



for Sub sonic Leading Edges 


The formula for C^ for subsonic leading edges is 



( c Oo + v(%) f 


(Dl) 


where 
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Solutions to equations (d 2) and (D3) are 



(Equation continued on next page) 
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■where 



R = 



MCA TN 2715 


51 


. ij. v \ P 

7 1 = + m-jj - Smm^RQa + m + 32Rmm2_ — 




+ 



Illustrative Example 

It is desired to calculate Cfc and the travel of the hinge line 
for the following configuration: 


M = 2 
A 2 = -30° 
m 2 = 1.732 

h-i 

— = 0.6986 

c- 



x h * = 0.582 


E (/l - m 2 p 2 ) = 1.297 
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From equations (D7) to (Dll), 


_ From equations (Dl) , 


E = 0.9039 
k x = -1.832 

kg = 2.1*06 

y 1 = 3.688 

7 g = -0.2687 

(D 1 *), and (d6) } 


= -0.235 + 0.582(0.322) = -0. 0473 


where 

the travel 

is. 


is based on a in degrees. For the given configuration, 
(x^ 1 ) B for angle of attack is obtained when = 0; that 


<V)b 


0.235 

= 0.73 

0.322 


Similarly, the travel (x B ’ ) B for deflection alone is obtained when 

Cjj = 0; that is, 

5 


( V> B 


0.0508 

0.0857 


0.593 


Hence the travel of the hinge line is 13.7 percent of the control- surface 
root chord. 
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TABLE I.- GENERALIZED FORMULAS FOR Z&/q. DISTRIBUTIONS FOR A 

O 

CONTROL SURFACE AT CONSTANT STREAMWISE DEFLECTION ANGLE 5 



Subsonic leading edges Supersonic leading edges 


Region 
(see sketch) 

Formulas for Ap/q. contributed by constant 5 

Subsonic leading edges 

oabI 

8 ( m i p ) 3 ^ 5 / *a + 

OBCJ 

«P(l + mi?) fmiPxa - 0y a 

Supersonic leading edges 


4m^5 


jm-ffl 2 - 1 

oabI , 

W 8 _!/% “ “lP^a \ 

OBCJ 

- 1 W^a - Py a 1 
















^NACA^ 
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TABLE IH.- LOCATION OF FORMULAS FOR THE DEFLECTION CHARACTERISTICS FOR - 
ALL GEOMETRIC CONFIGURATIONS WITHIN THE SCOPE OF THIS PAPER 


Bgg 

mQ0 

0 

Formulas 

(a) 

(a) 


Subsonic and sonic leading edges 
(see appendix A) 

=* a JttjTg 

b„ „ 

m2 ** — nVjTg 

(A 5 ) to (All) 

1 < |m2p| < « 

1 <|m 3 g| < to 

(A 12 ) to (A 18 ) 

1 < | EigP | < 00 

Dlo0 = 00 

(A 19 ) to (A 24 ) 

1 < | | < co 

m^0 = 1 

(A 12 ) to (A 18 ) 

mgp *=* cd 

1 < [n^p | < co 

. (A 25 ) to (A 29 ) 

H2p0 = 00 

m.o0 = 1 

(A 25 ) to (A 29 ) 

mgP =« 00 

m^0 m cd 

(A 30 ) to (A 3 t) 

10.20 c 1 

1 < |m.3p | < co 

(A 12 ) to (A 18 ) 

mg# *= 1 

m^0 «=* 1 

' (A 12 ) to (A 18 ) 

m20 =* 1 

m^0 ** 00 

(A 35 ) to (Alto) 

m20 «= -1 

1 < |m 3 g| < co 

(a 4 i) to (A 45 ) 

ni20 ** —1 

Bjg = 1 

(a 41 ) to (Alt- 5 ) 

m2p = -1 

m^0 = 00 

(a 46 ) to (A 50 ) 

Supersonic leading edges 
(see appendix B) 

bm 2 " “3 = “'TE 

Na “ *3 “ 

(B 5 ) to (BIO) 

1 < |m 2 p| < » 

1 <" jm 3 P j < co 

(Bll) to (B 15 ) 

1 < | Mg? | < => 

m^p = 00 

(Bl6) to (B 20 ) 

1 < | mpP 1 < 03 

m^P = 1 

(B 21 ) to (B 25 ) 

JUgP a 00 

1 < |m 3 p| < co 

(B 26 ) to (B 30 ) 

IDgP a 00 

m^0 ** 1 

(B 31 ) to (B 35 ) 

1020 *= 00 

m^P = 00 

(B36) to (b 4 o) 

m.20 ■* -I 

1 < Jm^pl < co 

(b 41 ) to (B 45 ) 

ngg = _i 

m 3 P ■=■ 1 

(b 46 ) -to (B 50 ) 

H 

1 

D 

ca 

S' 

m^0 = 00 

(B 51 ) to (B 55 ) 


a 3 HgS or m^P ■= 1 refers to sveptback sonic trailing edges; 
m 2 P or m^g = -1 refers to sveptforward sonic trailing edges; and 
Egg or m^P = co refers to either unswept trailing edges or M = co. 
^Basic configuration. 
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TABLE IV.- CALCULATIONS OF DEFLECTION CEABACTERISTICS FOR UNEQU ALLY 
SWEPT WING AND CONTROL-SURFACE TRAILING EDGES 


mj_p 

nigp 

m 3 P 



3C_ 

“6 

'{No 


0.10 

2.0 

a 2.0 

1.0596 

-0.058868 

-O.67543 

-0.75582 

1.0949 

.10 

2.0 

6.0 

1.1630 

-.097987 

-.76579 

-.75582 

1.0949 

.10 

2.0 

16.0 

1.2051* 

-.11687 

-.80595 

-.75582 

1.0949 

.10 

2.0 

-16.0 

1.2657 

-.14679 

-.86640 

-.75582 

1.0949 

.10 

2.0 

-6.0 

1.3265 

-.18070 

-.93136 

-.75582 

1.0949 

.10 

2.0 

-2.0 

1.61*06 

-.42404 

-1.3399 

-.75582 

1.0949 

.10 

a 2.0 

2.0 

1.0596 

-.058868 

-.67543 

-.75582 

1.0949 

.10 

6.0 

2.0 

1.071*0 

-.064936 

-.67567 

-.72955 

1.0820 

.10 

1 6.0 

2.0 

1.0735 

-.066870 

-.67594 

-.72177 

1.0781 

.10 

-16.0 

2.0 

1.081*0 

-.069214 

-.67637 

-.71269 

1.0735 

.10 

-6.0 

2.0 

1.0886 

-.071188 

-.67682 

-70533 

1.0698 

.10 

-2.0 

2.0 

1.1036 

-.077623 

-.67878 

-.68295 

1.0581 

.20 

2.0 

16.0 

1.7023 

-.062599 

-1.1718 

-1.5125 

2.1096 

.20 

6.0 

16.0 

1.7355 

-.087745 

-1.1602 

-1.4032 

2.0568 

.20 

a l6.0 

16.0 

1.71*61* 

-.095880 

-1.1582 

-1.3726 

2.0414 

.20 

-16.0 

16.0 

1.7597 

-.10582 

-1.1567 

-1.3379 

2.0237 

.20 

-6.0 

16.0 

1.77H 

-.11425 

-1.1561 

-1.3105 

2.0094 

.20 

-2.0 

16.0 

1.8088 

-.14217 

-1.1578 

-I.2312 

I.9667 

.20 

16.0 

2.0 

1.5678 

-.020518 

-.99864 

-1. 3726 

2.04l4 

.20 

16.0 

6.0 

1.691*3 

-.071279 

-1.1089 

-1.3726 

2.04l4 

.20 

16.0 

a l6.0 

1.7 1*64 

-.095880 

-1.1582 

-1. 3726 

2.04l4 

.20 

16.0 

-l6.0 

1.8208 

-.13494 

-1.2328 

-1.3726 

2.04l4 

.20 

16.0 

-6.0 

1.8961 

-.17932 

-1.3133 

-1.3726 

2.04l4 

.20 

16.0 

-2.0 

2.2880 

-.49969 

-1.8249 

-I.3726 

2.o4l4 

.30 

2.0 

-2.0 

2.5946 

-.27145 

-2.1092 

-2.2942 

3.0704 

.30 

6.0 

-2.0 

2.6851 

-.39421 

-2.1226 

-2.0359 

2.9484 

• 30 

16.0 

-2.0 

2.7152 

-.43489 

-2.1325 

-1.9681 

2.9144 

.30 

-16.0 

-2.0 

2.7523 

-.48518 

-2.1473 

-1.8933 

2.8757 

• 30 

-6.0 

-2.0 

2.7840 

-.52835 

-2.1618 

-1.8357 

2.8452 

.30 

a -2.0 

-2.0 

2.8893 

-.67416 

-2.2193 

-1.6766 

2.7566 

.30 

-2.0 

2.0 

2.0040 

.020025 

-1.2015 

-I.6766 

2.7566 

.30 

-2.0 

6.0 

2.1580 

-.052935 

-1.3356 

-1.6766 

2.7566 

.30 

-2.0 

16.0 

2.2218 

-.088390 

-1.3959 

-1.6766 

2.7566 

.30 

-2.0 

-l6.0 

2.3130 

-.14478 

-1.4872 

-1.6766 

2.7566 

.30 

-2.0 

-6.0 

2.4054 

-.20896 

-1.5861 

-1.6766 

2.7566 

.30 

-2.0 

a -2.0 

2.8893 

-.67416 

-2.2193 

-1.6766 

2.7566 

■ to 

-16.0 

2.0 

2.3036 

.17378 

-1.46l6 

-2.3916 

3.6479 

.40 

-16.0 

6.0 

2.4415 

.12003 

-1.5815 

-2.3916 

3.6479 

.1*0 

-16.0 

16.0 

2.4987 

.091428 

-1.6356 

-2.3916 

3.6479 

.1*0 

-16.0 

a -l6.o 

2.5807 

.045879 

-1.7177 

-2.3916 

3.6479 

.1*0 

-16.0 

-6.0 

2.6639 

-.0060274 

-1.8068 

-2.3916 

3.6479 

.1*0 

-16.0 

-2.0 

3.1012 

-.38350 

-2.3800 

-2.3916 

3.6479 

.40 

2.0 

-l6.0 

2.5257 

.17564 

-1.8999 

-3.1249 

3.9980 

.1*0 

6.0 

-1 6.0 

2.55U 

.10014 

-1.7691 

-2.6391 

3.7744 

.1*0 

16.0 

-16.0 

2.5635 

.075753 

-1.7427 

-2.5197 

3.7146 

.1*0 

a -l6.o 

-16.0 

2.5807 

.045879 ' 

-1.7177 

-2.3916 

3.6479 

.1*0 

-6.0 

-16.0 

2.5967 

.020436 

-1.7017 

-2.2958 

3.5962 

.1*0 

-2.0 

-16.0 

2.6567 

-.064688 

-1.6741 

-2.0420 

3.4503 


^Basic configuration. '^.NACA 
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TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY 
SWEPT WING AND CONTROL-SURFACE TRAILING EDGES - Continued 




*30 




(»%)o 

P%)f 

0.60 

-l6.0 

2.0 

2.8710 

0.49597 

-1.8227 

-3.2539 

5.0047 

.60 

-l6.0 

6.0 

3.0054 

.43733 

-1.9393 

-3.2539 

5.0047 

.60 

-l6.0 

16.0 

3.0613 

.40871 

-1.9921 

-3.2539 

5.0047 

.60 

-l6.0 

a -i6.o 

3.l4l6 

.36303 

-2.0726 

-3.2539 

5-0047 

.60 

-l6.0 

-6.0 

3-2233 

. 31089 

-2.l601 

-3.2539 

5.0047 

.60 

-l6.0 

-2.0 

3.6549 

-.070052 

-2.7273 

-3.2539 

5.0047 

.60 

2.0 

-16.0 

3.2063 

.61142 

-2.6644 

-5.0439 

5.8217 

.60 

6.0 

-16.0 

3.1419 

.46244 

-2.2274 

-3.7891 

5.2789 

.60 

16.0 

-16.0 

3.1384 

.41727 

-2.1469 

-3.5230 

5-1466- 

.60 

a -i6.o 

-16.0 

3.1416 

.36303 

-2.0726 

-3.2539 

5.0047 

.60 

-6.0 

-16.0 

3.1496 

.31751 

-2.0254 

-3.0629 

4. 8983 

.60 

-2.0 

-16.0 

3.2000 

.16755 

-1.9388 

-2.5963 

4. 6138 

.70 

-2.0 

2.0 

3.0795 

.53050 

-1.7186 

-2.8075 

5.1072 

.70 

-2.0 

6.0 

3.2494 

.43365 

-1.8659 

-2.8075 

5.1072 

.70 

-2.0 

16.0 

3.3202 

.38632 

-1.9327 

-2:8075 

5.1072 

.70 

-2.0 

-16.0 

3.4219 

.31076 

-2.0346 

-2.8075 

5.1072 

.70 

-2.0 

-6.0 

3.5253 

.22444 

-2.1455 

-2.8075 

5.1072 

.70 

-2.0 

a -2.0 

4.0734 

-.40734 

-2.8665 

-2.8075 

5.1072 

.70 

2.0 

-2.0 

3.8678 

.72405 

-3.5364 

-6.2033 

6.7487 

.70 

6.0 

-2.0 

3.8358 

.37776 

-2.9917 

-4.3482 

5.9754 

.70 

16.0 

-2.0 

3.8537 

.26582 

-2.9183 

-3.9863 

5.7964 

.70 

-16.0 

-2.0 

3.8869 

.12710 

-2.8653 ’ 

-3.6311 

5.6081 

.70 

-6.0 

-2.0 

3.9226 

.0071831 

-2.8436 

-3.3855 

5-4693 

.70 

a -2.0 

-2.0 

4.0734 

-.40734 

-2.8665 

-2.8075 

5.1072 

.80 

16.0 

2.0 

3.3970 

.96318 

-2.2869 

-4.4297 

6.4109 

.00 

16.0 

6.0 

3.5128- 

.91656 

-2.3872 

-4.4297 

6.4109 

.80 

16.0 

a l6.o 

3.5611 

.89376 

-2.4328 

-4.4297 

6.4109 

.80 

16.0 

-16.0 

3.6305 

.85733 

-2.5024 

-4.4297 

6.4109 

.80 

16.0 

-6.0 

3.7012 

.81570 

-2.5782 

-4.4297 

6.4109 

.80 

16.0 

-2.0 

4.0762 

.51053 

-3.0719 

-4.4297 

6.4109 

.80 

2.0 

16.0 

3.8749 

1.2294 

-3.6539 

-7.5618 

7.7070 

.80 

6.0 

16.0 

3.6021 

.96371 

-2.6026 

-4.9032 

6.6436 

.80 

a i6.o 

16.0 

3.5611 

.89376 

-2.4328 

-4.4297 

6.4109 

.80 

-16.0 

16.0 

3.5292 

.81377 

-2.2813 

-3.9789 

6.1708 

.80 

-6.0 

16.0 

3.5143 

.74921 

-2.1870 

-3.6751 

5.9966 

.80 

-2.0 

16.0 

3.5170 

.54718 

-2.0108 

-2.9855 

5-5532 

.90 

2.0 

a 2.0 

4.1779 

1.6247 

-4.2623 

-9.1921 

8.7145 

-90 

2.0 

6.0 

4,2427 

1.6096 

-4.3184 

-9.1921 

8.7145 

.90 

2.0 

16.0 

4.2698 

1.6021 

-4.3440 

-9.1921 

8.7145 

.90 

2.0 

-16.0 

4.3087 

1.5903 

-4.3830 

-9.1921 

8.7145 

.90 

2.0 

-6.0 

4.3484 

1.5767 

-4.4255 

-9.1921 

8.7145 

• 90 

2.0 

-2.0 

4.5591 

1.4772 

-4.7031 

-9.1921 

8.7145 

.90 

a 2.0 

2.0 

4.1779 

1.6247 

-4.2623 

-9.1921 

8.7145 

.90 

6.0 

2.0 

3.7104 

1.2883 

-2. 6991 

-5.4580 

7.2888 

.90 

16.0 

2.0 

3.6318’ 

1.2103 

-2.4619 

-4.8565 

6.9951 

.90 

-16.0 

2.0 

3.5621 

1.1270 

-2.2513 

-4.3011 

6.6980 

•90 

-6.0 

2.0 

3.5199 

1.0626 

-2.1193 

-3.9363 

6.486o 

• 90 

-2.0 

2.0 

3.4517 

. 87676 

-1.8602 

-3.1363 

5.9586 


^asic configuration. NACA 
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TABLE IV.- CALCULATIONS OF DEFLECTION CHABACTERISTICS FOR UNEQUALLY 
SWEPT WING AND CONTROL-SURFACE TRAIT .TNG EDGES - Continued 



mgP 

“gP 


PC, 

*8 

pc 

“8 

( P \)o 


1.0 

2.0 

a 2.0 

4.6188 

2.0528 

-5.1320 

-11.199 

9.7930 

1.0 

2.0 

6.0 

4.6758 

2.0407 

-5.1813 

-11.199 

9-7930 

1.0 

2.0 

16.0 

4. 6996 

2.0347 

-5.2038 

-11.199 

9.7930 

1.0 . 

2.0 

-16.0 

4.7338 

2.0252 

-5.2381 

-11.199 

9.7930 

1.0 

2.0 

-6.0 

4.7687 

2.0143 

-5.2756 

-11.199 

9.7930 

1.0 

2.0 

-2.0 

4.9544 

1.9344 

-5.5203 

-11.199 

9.7930 

1.0 

6.0 

2.0 

3.9618 

1.5791 

-2.9314 

-6.0162 

7.9151 

1.0 

6.0 

a 6.o 

4.0567 

1.5454 

-3.0136 

-6.0162 

7.9151 

1.0- 

6.0 

16.0 

4.0964 

1.5289 

-3.0510 

-6.0162 

7.9151 

1.0 

6.0 

-16.0 

4.1535 

1.5025 

-3.1082 

-6.0162 

7.9151 

1.0 

6.0 

-6.0 

4.2117 

1.4723 

-3.1706 

-6.0162 

7.9151 

1.0 

6.0 

-2.0 • 

4.5211 

1.2503 

-3.5785 

-6.0162 

7.9151 

1.0 

l6.o 

2.0 

3.8564 

1.4781 

-2. 6316 

-5.2693 

7-5531 

1.0 

16.0 

6.0 

3.9632 

1.4354 

-2.7241 

-5.2693 

7.5531 

1.0 

16.0 

a l6.0 

4.0078 

1.4145 

-2.7662 

-5.2693 

7.5531 

1.0 

16.0 

-l6.o 

4'. 0721 

1.3811 

-2.8305 

-5.2693 

7-5531 

1.0 

l6.0 

-6.0 

4.1375 

1.3429 

-2.9008 

-5.2693 

7.5531 

1.0 

16.0 

-2.0 

4.4857 

1.0619 

-3-3597 

-5.2693 

7.5531 

1.0 

-16.0 

2.0 

3.7634 

1.3715 

-2.3731 

-4.6007 

7. 1941 

1.0 

-l6.o 

6.0 

3.8845 

1.3167 

-2.4779 

-4. 6007 

7.1941 

1.0 

-16.0 

16.0 

3-9350 

1.2898 

-2.5256 

-4.6007 

7. 1941 

El 

-i6.o 

a -i6. o 

4.0078 

1.2469 

-2.5985 

-4.6007 

7. 1941 

11 

-l6.o 

-6.0 

4.0820 

1.1978 

-2. 6781 

-4. 6007 

7. 1941 

El 

-16.0 

-2.0 

4. 4766 

.83691 

-3.1982 

-4.6007 

7. 1941 

1.0 

-6.0 

2.0 

3.7069 

1.2912 

-2.2150 

-4.1726 

6.9421 

1.0 

-6.0 

6.0 

3.8399 

1.2252 

-2.3301 

-4.1726 

6.9421 

1.0 

-6.0 

16.0 

3.8954 

1.1928 

-2.3825 

-4.1726 

6.9421 

1.0 

-6.0 

-16.0 

3.9753 

1.1410 

-2.4626 

-4.1726 

6-9421 

1.0 

-6.0 

a -6.o 

4.0567 

1.0818 

-2. 5500 

-4.1726 

6.9421 

1.0 

-6.0 

-2.0 

4.4900 

.64672 

-3.1210 

-4.1726 

6.9421 

1.0 

-2.0 

2.0 

3.6119 

1.0654 

-1.9143 

-3-2643 

6.3289 

1.0 

-2.0 

6.0 

3.7829 

.95619 

-2.0623 

-3.2643 

6.3289 

1.0 

-2.0 

16.0 

3.8543 

.90267 

-2.1297 

-3.2643 

6. 3289 

1.0 

-2.0 

-16.0 

3.9570 

.81711 

-2. 2326 

-3.2643 

6.3289 

1.0 

-2.0 

-6.0 

4. 0617 

.71922 

-2. 3450 

-3.2643 

6. 3289 

1.0 

-2.0 


4.6188 

0 

-3.0792 

-3.2643 

6.3289 

1-75 

16.0 

1 

3.9063 

1.4019 

-2. 7510 

-5.7612 

8.0485 

1-75 

16.0 


3.9779 

1.3863 

-2.8129 

-5.7612 

8.0485 

1.75 

l6.o 


4.0078 

1.3786 

-2.8412 

-5. 7612 

8.0485 

1.75 

16.0 


4.0510 

1.3663 

-2.8844 

-5.7612 

8.0485 

1.75 

l6.0 


4.0951 

1.3522 

-2.9317 

-5. 7612 

8.0485 

1.75 

16.0 

-2.0 

4.3304 

1.2484 

-3.2424 

-5.7612 

8.0485 

1.75 

2.0 

16.0 

4. 6330 

1.6125 

-14.382 

-32.271 

10.288 

1.75 

6.0 

16.0 

4.0806 

1.4412 

-3-3224 

-6.9732 

8.4105 

1.75 

a l6.0 

16.0 

4.0078 

1.3786 , 

-2.8412 

-5.7612 

8.0485 

1.75 

-l6.o 

16.0 

3-9541 

1. 3019 

-2.4915 

-4.8193 

7.6894 

1.75 

-6.0 

16.0 

3.9302 

1.2366 

-2. 3065 

-4. 2736 

7.4375 

1.75 

-2.0 

16.0 

3.9398 

1.0168 

-2.0292 

-3.2362 

6.8242 


^Basic configuration. 
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TABLE IV;- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY 

1 

SWEPT WING AND C CNTROL- SURFACE TRAIT .TNG EDGES - Concluded. 


»1P 






('%)<> 

0"%)f 

4.0 

-16.0 

2.0 

3.8996 

1.3262 

-2. 3102 

-4.8833 

8.2293 

4.0 

-16.0 

6.0 

3.9530 

1.3190 

-2.3564 

-4.8833 

8.2293 

4.0 

-16.0 

16.0 

3-9755 

1.3154 

-2.3775 

-4.8833 

8.2293 

4.0 

-16.0 

a -l6.0 

4.0078 

1.3097 

-2.4099 

-4.8833 

8.2293 

4.0 

-16.0 

-6.0 

4.0409 

1.3032 

-2.4455 

-4.8833 

8.2293 

4.0 
4 0 

-16.0 
2 0 

-2.0 
_i A. n 

4.2182 

1.2548 

-2.6800 

-4.8833 

8.2293 

4.0 

6.0 

-l6.0 

4.0713 

1.3709 

-5. 4619 

-12. 146 

-8.9503 

4.0 

16.0 

-l6.0 

4.0273 

1.3496 

-3. 1419 

' -6.7458 

8.5883 

4.0 

a -l6. 0 

-l6.0 

4.0078 

1. 3097 

-2.4099 

-4.8833 

8.2293 

4.0 

-6.0 

-16.0 

4.0126 

1.2673 

-2.1549 

-4.1297 

7-9773 

4.0 

-2.0 

-16.0 

4. 1138 

1.0861 

-1.9178 

-3.0212 

7-3641 

5.0 

-2.0 

2.0 

3.8791 

1. 1930 

-1.6339 

-2.9489 

7-4681 

5.0 

-2.0 

6.0 

4.0031 

1.1553 

-1.7409 

-2.9489 

7.4681 

5.0 

-2.0 

16.0 

4.0551 

1.1369 

-1.7900 

-2.9489 

7.4681 

5.0 

-2.0 

-l6.0 

4.1302 

1. 1072 

-1.8652 

-2. 9489 

7.4681 

5.0 

-2.0 

-6.0 

4.2069 

1.0732 

-1.9477 

-2.9489 

7.4681 

5.o 
«=; 0 

-2.0 
2 0 

a -2.0 

n 

4.6188 

.82112 

-2.4927 

-2.9489 

7.4681 

5.0 

6.0 

-2.0 

4.0861 

1.3592 

-9.5402 

-21.339 

9.0544 

5.0 

16.0 

-2.0 

4.1186 

1-3353 

-3.4224 

-7. 1780 

8.6924 

5.0 

-16.0 

-2.0 

4.1911 

1.2737 

-2.5943 

-4.8399 

8.3333 

5.0 

-6.0 

-2.0 

4.2725 

1.1981 

-2.4l4o 

-4.0383 

8.o8l4 

5.0 

a -2.0 

-2.0 

4.6188 

.82112 

-2.4927 

. -2.9489 

7.4681 

7.0 

16.0 

2.0 

3.9868 

1.3^35 

-3.6975 

-8. 2328 

8.8200 

7.0 

16.0 

6.0 

4.0016 

1. 3429 

-3.7103 

-8. 2328 

8.8200 

7.0 

16.0 

a i6.o 

4.0078 

1.3427 

-3.7162 

-8.2328 

8.8200 

7.0 

16.0 

-16.0 

4.0168 

1.3423 

-3- 7252 

-8.2328 

8.8200 

7.0 

16.0 

-6.0 * 

4.0260 

1.34l8 

-3.7351 

-8. 2328 

8.8200 

7.0 

16.0 

-2.0 

4.0754 

1.3383 

-3.8004 

-8. 2328 

8.8200 

8.0 

-l6.0 

2.0 

3.9368 

1.3267 

-2.1664 

-4.6696 

8.5030 

8.0 

-l6.0 

6.0 

3.9718 

1.3239 

-2.1966 

-4.6696 

8.5030 

8.0 

-l6.0 

16.0 

3.9866 

1.3225 

-2. 2105 

-4.6696 

8.5030 

8.0 

-l6.0 

a -l6.o 

4.0078 

1.3202 

-2. 2318 

-4. 6696 

8.5030 

8.0 

-l6.0 

-6.0 

4.0296 

1.3176 

-2.2552 

-4.6696' 

8.5030 

8.0 

-l6.0 

-2.0 

4.1464 

1.2985 

-2.4098 

-4.6696 

8.5030 

9-0 

-2.0 

2.0 

3.9283 

1.2163 

-1.5306 

-2. 7703 

7.6712 

9.0 

-2.0 

6.0 

4.0438 

1.1856 

-1.6302 

-2. 7703 

7. 6712 

9.0 

-2.0 

16.0 

4.0923 

1.1705 

-1. 6760 

-2.7703 

7.6712 

9.0 

-2.0 

-16.0 

4. 1623 

1.1463 

-1-7461 

-2.7703 

7.6712 

9.0 

-2.0 

-6.0 

4.2339 

I.U85 

-1.8231 

-2.7703 

7. 6712 

9.0 

-2.0 

a -2.0 

4.6188 

.91235 

-2.3327 

-2. 7703 

7.6712 

9.0 

16.0 

-2.0 

4.0497 

1-3384 

-4. 4470 

-9. 8086 

8.8954 

9.0 

-16.0 

-2.0 

4.1375 

1.3025 

-2.3628 

-4.6123 

8.5364 

9.0 

-6.0 

-2.0 

4. 2317 

1.2453 

-2. 1634 

-3. 7412 

8.2844 

9.0 

a -2.0 

-2.0 

4.6188 

.91235 

-2.3327 

-2. 7703 

7.6712 


a BaBic configuration. ”\^RaCA 





(a) Supersonic leading edges. (b) 6ubsonic leading edges. 

Figure 1.- General configurations within the scope of the present paper. 
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Figure 2.- Sketch, of wing regions Sw(0 Jo ..lj.) an d external flow 

regions S D(1 ^ # ^ )> 
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(a) Subsonic leading edgi 

Figure 4.- Variation of pC]^ with p cot A^ 

basic configuration. 
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p cot A]_ 

(b) Subsonic and supersonic leading edges 
Figure Concluded. 
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Pitching -moment -coefficient parameter 


- 6.0 


i 

-k.o 

- 3.0 
- 2.0 
- 1.0 

0 

0 .1 .2 .3 .4 .5 .6 .7 -8 .9 1.0 

P cot 

(a) Subsonic leading edges. 

Figure 6.- Variation of J3Cmg with 8 cot and 8 cot Ai^e for the 

basic configuration. 'S' 
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(b) Subsonic and supersonic leading edges 
Figure 7.- Concluded. 
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(b) Subsonic and supersonic leading edges. 


Figure 8.- Concluded. 
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